Abstract. Arene and naphthene are pyrolytic products in the preparation of biomass fuels and the main ingredient of jet fuel China RP-3. Biomass fuel has the advantages of reducing greenhouse gas emission and reducing fuel cost, it is necessary to develop the research and application of biomass fuel. This work investigate the influence of arene and naphthene concentration on the spray characteristics of jet fuel China RP-3 using a hollow cone pressure swirl nozzle The cone angles and sheet breakup length were measured at injection pressure of 0.3,0.5,0.7 and 0.9MPa using shadowgraph system. In the same injection pressure, to add up ethylbenzene concentration will bring down the cone angle and increase the breakup length and to add up ethylcyclohexane concentration will increase the cone angle and bring down the breakup length. For both of ethylbenzene and ethylcyclohexane the effect of concentration on cone angle is no more than 8% and on breakup length is no more 16%. While the influence of injection pressure could reach up to 15% and 67% for cone angle and breakup length.
Introduction
Aviation kerosene is composed of hundreds of hydrocarbons. Generally speaking, the performance of fuels is determined by the physical and chemical properties of fuels. However, the specific properties of aviation kerosene depend on the chemical composition of fuels. Therefore, the quantitative research of the relationship between composition and performance of Aviation kerosene is essential [1] . With the development of bio-based fuel production level, the subsequent treatment of the follow-up products cannot be ignored. For example, we can obtain n-alkanes and isoparaffins by F-T synthesis or vegetable oil hydrotreating [2, 3] , also we can get naphthenes and aromatic hydrocarbons [4, 5] by pyrolysis biomass, as well as through the fermentation process and the esterification process of the vegetable oil, the alcohols and lipids are obtained respectively [6] and so on, and the effects of these subsequent products on the fuel atomization performance are to be studied in depth.
Atomization is the process of decomposing liquid fuels into droplets to increase the surface area of the fuel which can increase the exchange rate of heat and mass during combustion, accelerate the combustion process and improve the combustion performance. If the quality of the atomization is poor, such as the diameter of the droplets in the combustion chamber is too large, there will be many problems such as droplet striking the wall, flame moving backward, and uneven distribution of outlet temperature [7] . Gan Zhiwen et al. [8] found that the addition of n-heptadecane and n-octadecane to alternative fuel will make its atomization performance decline through experiments. Tan Ruoqiao et al. [9] found the effects of the C13-C18 linear paraffin carbon number and blending mass fraction on the physical and chemical properties of fuel, and he further explored its impact on the average diameter of Sauter. In this paper, we take ethylbenzene and ethylcyclohexane as the representative of the to study the effects of the aromatic components and naphthenic components on the physicochemical properties and spray characteristics of aviation alternative fuels, because the liquid film cone angle and liquid film breaking length is the important parameters of the initial stage of the centrifugal nozzle atomization which have a significant effect on the spatial distribution of the droplet in the spray field and the particle size distribution of the downstream droplets. Therefore, the angle of the liquid film and the length of the liquid film breaking length are taken as the evaluation index of atomization performance.
Experiment Setup

Blends Composition
The carbon number distribution of arene and naphthene in Chinese RP-3 kerosene is shown in Fig. 1 , which ranges from 8 to 11. So selecting ethylbenzene(C8H10)and ethylcyclohexane(C8H16) to represent arene and naphthene and blending with RP-3 kerosene with concentration of 10%, 20%, 30%, and 40%. RP-3 kerosene meets the national standard GB6537-2006, 
Preliminary Measurements
The density was measured by a density meter (model no. SYA-1884A) according to Chinese national standard GB/T1884-2000. The results of density tests for the blends are shown in Fig. 2(a) . The relation between the densities and the mass fractions of both ethylbenzene and ethylcyclohexane are nearly linear.The fitting curve uses the Kay model.The density of ethylbenzene is larger than RP-3 and the density of ethylcyclohexane is lower than RP-3, the density of ethylbenzene blends increase and ethylcyclohexane blends decrease with mass fraction increase.
The fuel viscosity was tested by a viscometer (model no. SYD-265H) according to Chinese national standard GB/T265. The viscosity test results of the blends of RP-3 with linear ethylbenzene and ethylcyclohexane at different mass fractions are shown in Fig. 2(b) . The fitting curve uses the Cronauer model. The relation looks like linear decreasing between the viscosity of the blends and the mass fraction. Ethylcyclohexane have higher viscosity values than the ethylbenzene at the same mass fractions.
The value of fuel surface tension was measured by surface tension equipment (model no. SFT-A15) according to standard ASTM D1331. The test results of surface tension for the blends of RP-3 with ethylbenzene or ethylcyclohexane at different mass fractions are shown in Fig. 2(c) . The surface tension of RP-3 is about 26.05 mN/m.Compared to the change of density and viscosity, the changes of surface tension are not significant, all of these changes are not more than 0.5% of the value of the pure RP-3, which are insignificant compared to the changes of viscosity. 
Shadowgraph System
The shadowgraph system used in this study consist of optical system and fuel supply system. Optical system is shown in Fig.3 which includes light source, parabolic mirror, digital camera (Nikon D810). Prime lens Nikon105mm, exposure time 0.125ms. In the fuel supply system, fuel was pressed by nitrogen, including pressure relief valve, oil tank, flow meter, pressure gauge and pressure swirl nozzle (DANFOSS030H8618). Adjust the optical path system to ensure the shadow image is clear, images are collected at different injection pressure:0.3,0.5,0.7 and 0.9MPa, record the nozzle mass flow and blends temperature. 
Result and Discussion
Cone Angle
The cone angle α is a critical parameter in atomization process, which affected by fuel supply pressure, geometry of the nozzle and the properties of the blends. Fig. 4(a) is an original image collected in experiment process and Fig.4(b) is a threshold segmentation image. Using the method of "twin peaks" [11] , set the grey value of the first trough points after background grey value peak as the threshold value. The measured cone angle is taken average from 10 processed images. Fig.5 shows the result of measured cone angles, the cone angle decreases with the injection pressure increase and the decrease slower. It mainly causes by the increasing axial velocity of liquid sheet and the pressure drop in the hollow cavitation. Generally, the effect of arene and naphthene concentration is not obvious as injection pressure and will be discussed in next section. Fig. 5(a) shows the effect of ethylbenzene concentration on cone angle, the cone angle decreases with the ethylbenzene concentration increase, and Fig. 5(b) shows the effect of ethylcyclohexane concentration on cone angle, the cone angle increase with the ethylcyclohexane concentration increase. 
Breakup Length
Empirical Formula of Sheet Breakup Length. Han (1997) [12] suggested the sheet breakup length to be 0.5
where B and ln(η b /η 0 ) are constants relate to nozzle and injection pressure, U is the sheet-gas relative velocity,θis half cone angle, h is sheet thickness, as illustrated in Fig. 6 . Han set B=3 in his study, ln(η b /η 0 ) is determined experimentally to be equal to 12 by Clark and Dombrowski [13] . The constants in equation (1) based on specific condition and it can be recast as 0. 5 2 2 cos ρ σ θ Figure 6 . Schematic showing the conceptual liquid flow structure at the nozzle exit and sheet breakup processes [12] .
Experiment Result of Sheet Breakup Length.
There are multiple definitions of breakup length, in this study define the distant from nozzle outlet to liquid sheet perforation to be breakup length. The measured breakup length is taken average from 10 processed images. Empirical formula with parameter correction fits the experiment data well. Fig. 7 shows the breakup length decrease with injection pressure increase, and almost unchanged when injection pressure greater than 0.7MPa, If injection pressure lower than 0.7MPa the sheet breakup mainly causes by aerodynamic force, and with the injection pressure increase the influence of aerodynamic force became more obvious which shorten the breakup length. Whereas if injection pressure greater than critical pressure aerodynamic force barely contribute to breakup length, so enhance injection pressure will have little effect on breakup length. Fig. 7(a) shows breakup length increase with ethylbenzene concentration increase and it is more obvious in lower injection pressure. The effect of ethylcyclohexane on breakup length is different from ethylbenzene which is shown in Fig. 7(b) , the ethylcyclohexane concentration increase causes the breakup length decrease. 
Summary
In this paper the influence of aromatic hydrocarbon and naphthalene components on the atomization properties of aviation alternative fuel was studied. Aromatic hydrocarbon and naphthalene are represented by ethylbenzene and ethylcyclohexane which have different properties, so the cone angle and breakup length express different performance on their concentration increase. Enhance ethylbenzene concentration will bring down cone angle and increase breakup length, while enhance ethylcyclohexane concentration will increase cone angle and bring down breakup length. While the influence of injection pressure is more obvious, cone angle and breakup length both drop down to critical value with injection pressure increase.
